ABSTRACT -Context -Transplantation is the only cure for decompensated cirrhosis. Model for End-Stage Liver Disease (MELD) is used in liver allocation. Objectives -Comparing survival of enlisted populations in pre-and post-MELD eras and estimating their long-term survival. Methods -This is a retrospective study of cirrhotics enlisted for transplantation during pre-and post-MELD eras. Survival curves were generated using Kaplan-Meier's model. Cox's model was used to determine risk factors for mortality. Exponential, Weibull's, normal-log and Gompertz's models were used to estimate long-term survival. Results -The study included 162 patients enlisted in pre-MELD era and 184 in post-MELD period. Kaplan-Meier's survival curve of patients enlisted in post-MELD era was better than that of pre-MELD period (P = 0.009). This difference remained for long-term estimates, with a survival of 53.54% in 5 years and 44.64% in 10 years for patients enlisted in post-MELD era and of 43.17% and 41.75% for pre-MELD period. Era in which patients had been enlisted (P = 0.010) and MELD score at enlistment (P<0.001) were independently associated to survival with hazard ratios of 0.664 (95% CI-confidence interval = 0.487-0.906) and 1.069 (95% CI = 1.043-1.095). Conclusion -MELDbased transplantation policy is superior to chronology-based one, promoting better survival for enlisted patients, even in long-term.
NTRODUCTION
Cirrhosis is the end-stage of chronic liver disease, and estimates are that it will continue to grow in importance among causes of deaths worldwide (25) . Cirrhosis can be classified in many ways (3, 8, 9, 10, 11, 16) , the most used being Child-Turcotte-Pugh's classification (32) , which counts on empirically selected variables, has components which are subjective (12, 19, 22) and suffers from a ceiling effect (21) , and Model for End-Stage Liver Disease (MELD) score (22, 24) , which counts on objective parameters, can grade patients in a broader range of categories and has a well established capacity of predicting 3-month mortality in cirrhotics (4, 8, 19, 21, 22, 35) . Liver transplantation is the best treatment available for decompensated cirrhotic patients (8) , providing patients with a survival of 88.4% and 60% in 1 and 10 years in the United States of America (USA) (37) and of 81.1% and 61% in 1 and 14.6 years in Southern Brazil (5) . Considering the scarcity of organ donors (1, 5, 17) , the fact that MELD classifies cirrhotics regarding disease severity and risk of death (12) and the objective of opti-
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mizing organ allocation, the MELD system has been implemented for liver allocation since February 2002 in the USA and since June 2006 in Brazil (1, 4, 5, 6, 14, 22, 34) . Nevertheless, it is not completely clear if the allocation based on the MELD score is better than the one based on time spent in list (chronological system) (19) . Many studies have been published on the results of survival in the MELD era, but their results are contradictory. In the first year of the MELD-based allocation system in the USA, there seemed to be a reduction of mortality in the wait-list, without decreasing receptors' survival (14) . On the other hand, many authors have found that candidates with higher MELD scores had worse survival when transplanted (5, 14, 20, 28, 30, 31, 34, 37, 39) . Actually, it is not clear if transplanting more severely ill patients impacts negatively in post-transplant survival (7, 13) . There are at least three different rationales in which a transplantation policy could be based on: medical urgency, graft utility and survival benefit (35) . Since the latter seems the most sensible basis for an allocation policy (33, 35) , considering the preoccupation that the MELD-based allocation could be only trans-ferring mortality from the wait-list to the post-transplant period (36) and taking into account that organs are a limited public resource, the present study aimed at comparing the MELD-based transplantation policy to the previously used chronology-based one, by comparing the survival of the population in need of an organ, the enlisted population as a whole, regardless of the fact of being transplanted (an "intention-to-treat-like" approach). This study also intended to mathematically estimate long-term survival of enlisted population in both periods in order to verify if a possible advantage of one policy over the other would persist over time.
METHODS
This is a retrospective cohort study, in which cirrhotics enlisted to liver transplantation in the Transplant Central of the State of Rio Grande do Sul, Brazil, were evaluated.
All cirrhotics enlisted during de abovementioned periods were eligible for the study. Exclusion criteria were: indication of transplantation not being related to cirrhosis; having been transplanted previously; receiving an organ from a living donor; being under age 18 years.
Patients were consecutively enrolled and divided into two groups, one including the cases enlisted from January 2004 to December 2004, representing the pre-MELD group, in which time in list was the criterion for receiving an organ, and the other including those enlisted from June 2006 to December 2007, representing the post-MELD group, when the severity of the cases, determined by the MELD score (22, 24) , became the condition used to allocate the livers (30) . Patients studied were listed by all 4 major liver transplantation teams of the State. All laboratory variables, as well as MELD scores, were obtained at the time of enlistment and, for patients who were transplanted, also before transplantation. MELD scores were calculated through the formula currently in use by the United Network for Organ Sharing (40) . Survival of every patient was counted from the time of enlistment to the time of death or to December 31st of 2009, when patients were censored, irrespective of the fact of being transplanted or not, since this study aims at measuring the survival of the enlisted population as a whole. This was in order to make an "intention-to-treat-like" approach. Survival data were submitted to Kaplan-Meier's nonparametric model, and curves generated for the pre-and post-MELD groups were compared. Following this analysis, in order to estimate survival in longer periods of time, the curves were compared to the ones generated by the four most used parametric models in the context of survival analysis: exponential, Weibull's, normal-log and Gompertz's models. The best fitted curves in relation to those generated by Kaplan-Meier's model were chosen after comparison by graphic methods, by fit model equations and by the Akaike and Bayesian information criteria. The chosen curves were then used to project survival for the populations.
It was also performed the Cox's regression model, in order to estimate the hazard ratio for death between the pre-and post-MELD groups. We conducted both uni-and multivariate analysis, in which variables with a statistical significant difference in the univariate analysis or deemed to be of clinical significance were included in the model.
Statistical analyses were performed using Stata version 10.0 (StataCorp LP, College Station, Texas) and Predictive Analytics Software (PASW) Statistics version 17.0.
RESULTS
After analyzing for inclusion and exclusion factors, 346 patients were studied, 162 of them representing the pre-MELD group, and 184 representing the post-MELD group. In the pre-MELD era, 74 patients were transplanted (45.68%), while, in the post-MELD period, 90 patients received an organ (48.91%). Patients' characteristics at the time of enlistment are detailed in Table 1 and characteristics at the time of transplantation can be fully appreciated in Table 2 .
When patients' characteristics were analyzed, considering the cause of liver disease, there was a difference between the pre-and post-MELD era groups both at time of enlistment and at time of transplantation. Even after patients with an alcoholic component causing cirrhosis (33.80% in the pre-MELD group and 21.40% in the post-MELD group at the time of enlistment and 31.90% and 16.40% respectively at the time of transplantation) were compared to the others, the difference remained (P = 0.02 for the time of enlistment and P = 0.047 for the time of transplantation). Regarding the presence of HCC, patients in the post-MELD group carried more frequently this diagnosis both at the time of enlistment and at the time of transplantation (P<0.001).
A subgroup analysis of the moment of enlistment, excluding patients with HCC, was performed. There were 160 enlisted patients without HCC in the pre-MELD era and 148 in the post-MELD period. From them, 72 and 64 were transplanted respectively. In this subgroup analysis, findings considering the differences between groups were similar to those presented for the entire studied population, except for MELD score at the time of enlistment, which was greater in the post-MELD group (17.12 vs 15.24, P = 0.001).
Regarding survival, it was built a Kaplan-Meier's curve, representing the survival of all enlisted patients in (Figure 1 ). For the pre-MELD population, mean survival was of 3.16 years (95% confidence interval -CI of 2.77-3.55). For the post-MELD patients, mean survival was of 2.52 years (95% CI = 2.30-2.73). After submitting the abovementioned results to a Chi-Square Mantel-Cox log rank test, it was demonstrated that patients enlisted in the post-MELD era had a better survival curve than those enlisted in the pre-MELD period for a P = 0.009. The post-MELD curve was more favorable than the pre-MELD one, even the pre-MELD group having a longer mean survival, because the post-MELD population was followed-up for a shorter time, impacting in its mean survival, but not in the shape of its survival curve.
prevail, mathematical models were used, generating survival functions and, therefore, survival curves able to estimate the survival of a group of people beyond the observed period. For the pre-MELD group, all four parametric models were analyzed, and Gompertz's model was found to be the best fitted to the Kaplan-Meier's survival curve of the studied population ( Figure 2 ). The survival function generated by the Gompertz's model produced a curve, which could estimate the survival for enlisted patients in the pre-MELD group regardless of being transplanted to be of 43.17% in 5 years and of 41.75% in 10 years, when the curve stabilized. Results were submitted to the Cox's regression model in order to identify the independent variables related to survival of enlisted patients. First, the variable pre-or post-MELD era was analyzed individually, being found to be significantly related to survival, with a P = 0.010; the hazard ratio of being enlisted in the post-MELD era in relation to being enlisted in the pre-MELD period was of 0.664 (95% CI=0.487-0.906). After that, MELD at the time of enlistment was included into the model and proved to be significantly related to survival, with a P<0.001 and a hazard ratio of 1.069 (95% CI = 1.043-1.095). Finally, the inclusion into the model of the variables presence of HCC (P = 0.060), bilirubin at the time of enlistment (P = 0.320) and creatinine at the time of enlistment (P = 0.830) did not confirm to be useful, once those variables did not prove to be significantly associated to the outcome.
Kaplan-Meier's curves represent the survival function of the studied population in the period of time actually observed. In order to make possible estimating the survival of patients in longer periods of time and analyzing if the advantage of one model of allocation over the other would The analysis was also performed for the post-MELD population. The normal-log model was evaluated as the best fitted to the Kaplan-Meier's curve of the studied population ( Figure 3) . The normal-log model generated a curve, which could estimate the survival for enlisted patients in the post-MELD group independently of being transplanted to be of 53.54% in 5 years and of 44.64% in 10 years. 
DISCUSSION
The present study is the first, in Brazil, to analyze the survival in pre-and post-MELD eras from the perspective of the enlisted population, regardless of the fact of being transplanted, in an "intention-to-treat-like" manner. This is of the utmost importance, since donated organs must be thought as a scarce and public resource, which should be used in a way to provide the community with the greatest amount of life-years saved possible. This is why it is essential to evaluate survival of the pool of patients in need of the organ and not only of those who received it. Besides, this study tries to address the issue of short-term follow-ups, by creating parametric curves capable of accurately estimating the survival of the groups in any given period of time.
When analyzing both enlisted and transplanted patients, we realized that there were a decrease in the percentage of patients with an alcoholic component to their cirrhosis from the pre-to the post-MELD era and an increase in the proportion of HCC cases. Concerning the alcoholic etiology of liver disease, it is worth noticing that some authors have raised the question of cirrhotic patients due to alcoholism having a better outcome without transplantation than cirrhotics due to viral hepatitis (2) , and others have found that alcoholic patients had more post-transplant complications (30) . Both these remarks could reinforce that the reported trend in listing and transplanting less alcoholic patients might be positive to the system as a whole. However, when considering the increase in listing and transplanting cases of HCC, which has already been shown by some studies (14, 15, 37) , there could be a concern that survival would be impaired. In fact, some authors have demonstrated that HCC was an independent risk factor for post-transplant mortality in a long term analysis (38) , and others have shown that the liver cancer transplanted patients had twice the risk of death than their pairs (5) . Whereas the present study could not correlate the diagnosis of HCC with worse survival after the logistic regression, it is important to remind that the analysis was for all enlisted patients, transplanted or not, differently from the just referred study. Besides, it is important to state that there could have been a sub-notification of HCC cases in the pre-MELD era, when, differently from now, this diagnosis would not help the candidate to receive a liver earlier.
When evaluating results for the time of enlistment (Table  1) , we noticed a lower mean value of sodium in the post-MELD group, as well as a higher mean value of bilirubin, which could denote a greater severity of patients already at the moment of enlistment. Mean MELD score at the time of enlistment, though, did not significantly differ between eras, making it possible to think that the severity of enlisted patients was the same in both periods, differently from what was presented in an American study (14) . However, when analyzing only patients without HCC, those for whom MELD probably reflects better the severity of the illness, we could show that MELD at the time of enlistment had increased from the pre-to the post-MELD era, and this reinforces our findings of the superiority of the MELD policy, once it prevailed even dealing with possibly sicker patients.
A lower mean value of albumin and greater mean values of total bilirubin and MELD score at the time of transplantation in post-MELD group (Table 2 ) reflect the greater severity of patients transplanted nowadays, a characteristic of an allocation system based on urgency.
The results of the Kaplan-Meier's curves for survival of the groups of all enlisted patients allowed the conclusion that mortality was greater in the pre-MELD group. Moreover, the parametric curves confirmed this finding even in the longterm (at least for 10 years).
Even though most studies concerning the impact of MELD-based allocation on outcomes have revealed effectiveness of the system in reducing wait-list mortality, probably without importantly affecting post-transplant survival and enhancing resource utilization (26) , the results of the present study are remarkable, because they are the first to prove, in an "intention-to-treat-like" manner, with an instrument that permits long-term analysis, in a population of consecutive patients enlisted by four different transplantation teams, that the MELD-based allocation policy brought a significant survival gain for the cirrhotic population in need of transplantation as a whole and, therefore, for all the society. This confirms that the transplantation policy has advanced, and that the benefit in life-years saved by the same policy has improved, as well as answers the question proposed by Gotthardt et al. (19) about the superiority of MELD-based allocation strategy over the chronological system.
One might argue that survival of the post-MELD group could have been better than that of the pre-MELD group because of the evolution of medical care from a previous period of time to a posterior one. Even though this might be a bias of this study, we do not believe it was so, because periods chosen to be compared were close in time, there were not great technical advances in that time, and most of the transplant teams in activity in our State already had long experience in liver transplantation.
In the logistic regression analysis, the variables independently related to survival of the enlisted population were the era in which patients had been enlisted and their MELD score at the moment of enlistment. Patel et al. (29) had already found pre-MELD era to be an independent risk factor for mortality, but their study referred only to transplanted patients with renal insufficiency.
There are many authors who have indicated MELD score at registration as a risk factor for mortality in wait-list (4, 18, 22) or MELD score before transplantation as a risk-factor for death after the procedure (5, 14, 18, 20, 23, 27, 34) . Nevertheless, this is the first time MELD score at the time of registration is reported to be an independent risk factor for mortality regardless of transplantation. This fact did not make survival in the post-MELD era worse than that of the pre-MELD period, even knowing that, excluded the cases of HCC, mean MELD value at registration was higher in the post-MELD group.
Finally, it is essential to keep pursuing better manners to revert the organ shortage into the greatest life-years gain possible for the cirrhotic population. MELD-based system is probably not the ultimate step in this pursuit, and benefitbased allocation models should still be investigated further. The present study, though, could conclude that MELD-based transplantation policy is superior to the chronology-based one, presenting a much better survival for the entire population in need of an organ, regardless of the fact of being transplanted. This study could also show that long-term survival estimates for the enlisted population is better in the post-MELD era, meaning that the advantage of the current policy remains over time. Therefore, it is safe to affirm that current liver transplantation policies are in the right path.
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